Introduction
Population growth has had major impacts on forested ecosystems across the United States, including land use conversion, increases in invasive species, forest fragmentation, wildlife habitat loss, and increases in human-caused fire ignitions (Radeloff et al. 2005) . Population growth and development have also been correlated with reduced forest management and investment on private forest land (Kline et al. 2004 , Munn et al. 2002 . In the Eastern United States, private owners hold the most forest land; however, in the West, public owners manage the most forest land. Private lands generally sustain the most land use conversion, forest fragmentation, and habitat loss from increasing development, but there are also questions about the impacts of development on adjacent public lands and their management (Stein et al. 2007 ).
In Oregon and Washington, public ownership accounts for roughly 50 percent of forest land. This study analyzes the area around the majority holders, the U.S. Forest Service (National Forest System [NFS] ), the Bureau of Land management (BLM), the Oregon Department of Forestry (ODF), and the Washington Department of Natural Resources (WA DNR). In Oregon and Washington, the U.S. Forest Service manages 9.1 million ha of forest land, the BLM about 1.5 million (with their productive forest mostly in southwest Oregon), ODF about 0.40 million, and the WA DNR about 1 million ha (Campbell et al. 2010 , Donnegan et al. 2008 . Some of the impacts that generally occur on private land, such as forest fragmentation and conversion, may not be as meaningful in reference to public forest land. However, problems occur at the interface between public and private lands where management differences between the owners are most evident.
In Oregon and Washington, a continuum of community types can be found at the edge of public land, including urban/residential, undeveloped commercial forests, and agricultural lands. The expansion of development at the edges of public land exacerbates management issues through various disturbances:
• Introduction of invasive plants
• Increases in unmanaged recreation
• Impacts on native fish and wildlife habitats
• Increased access by road, which can lead to a rise in human-caused ignitions (Nowak et al. 2005) .
Also, public pressure and national policy may force priorities for fuel treat- As the number of structures increases near federal and state lands, this policy will drive increases in protection efforts for these structures. In the Western United
States, development encroachment at the forest edge has also been linked to fire suppression costs (Gebert et al. 2007 ). In 1994, the U.S. Forest Service obligated $752 million to fire suppression, and in 2008 that number was $3.2 billion-a 325 percent increase in 14 years (Gorte 2008) . Some of this increase may be due to the increased development near federal lands, and some to the doubling in average acreage burned between the 1990s and 2000s.
Fire exclusion policies of the past 100 years on certain forested lands have added to fire management issues for these forests by slowing the recycling of nutrients and not regulating the density and composition of young trees (Donovan and Brown 2007 , Noss et al. 2006 , Reinhardt et al. 2008 , Stephens and Ruth 2005 .
A major tool forest managers can use to address these issues is prescribed fire.
However, at the edges of public land, this method of fuel reduction can be highly controversial: for example, in 2000, an escaped prescribed burn near Los Alamos, New Mexico, resulted in nearly $1 billion in property damage. Although public forest lands may not be under pressure for development, development at the edge becomes a problem for managers considering the liabilities associated with fire prevention, protection, suppression, fuel treatment, and harvesting.
In the late 1990s and into the next decade, the Forest Inventory and Analysis (FIA) unit of the U.S. Forest Service Pacific Northwest (PNW) Research Station and the ODF conducted a series of land use change studies (Lettman et al. 2011 ).
Changes in land use were documented on nonfederal land for all of Oregon using a grid of photointerpreted points. These studies found a general slowing of land use conversion from more forested and rural types to more urbanized types after the implementation of Oregon's land use laws in the form of county comprehensive land use plans implemented in the 1980s (Lettman et al. 2009 ). They also showed that land use changes were focused in areas zoned for development, and that the number of structures in forested and rural settings continued to increase on the 2005 imagery. These studies focused on location and rate of land use change on private lands across the state, such as the areas where forest and agricultural lands were being converted to low-density residential or urban land use. In contrast, the objectives for this study were to investigate the increase in development on lands adjacent to Washington and Oregon's public forest lands and compare these increases among the different management agencies. Quantifying the increases in structures in areas that have not been converted in land use can serve as a surrogate for the broader risks associated with development near public lands.
Study Area
The study was conducted in Oregon and Washington, which jointly has 43.3 million ha of land, of which 21.4 million ha were forested ( fig. 1 
Methods
A photointerpreted grid of points was established by the U.S. Forest Service PNW Research Station's FIA program for purposes of stratification for inventory estimates. These points and the attributes represent a systematic sample of roughly 37,000 points in Oregon and 44,000 in Washington on the land outside of federal ownership. This 1.4-km grid across Oregon and Washington was used to evaluate land use change for western and eastern Oregon (Lettman et al. 2011) . Each point outside of federal land was assessed for land use in 1974 use in , 1984 use in , 1994 use in , 2000 use in , and 2005 use in for Oregon, and in 1976 use in , 1994 use in , and 2006 for Washington. The earlier dates were evaluated off 1:40,000 aerial photography. Lands were classified into the following types: wildland forest, mixed forest and agriculture, intensive agriculture, low-density residential, urban, wildland range, mixed range and agriculture, and other (Lettman et al. 2006) . Along with delineating land use polygons for each point, interpreters also recorded the number of structures within a 32.3-ha circle (321-m radius) around all points ( fig. 2) , with the exception of those that were classified as urban. A structure denotes the presence of an improvement (most often a house and its associated outbuildings, a farmstead or isolated barn or agricultural building, or isolated commercial establishments). Structures were also counted for points that were classified as nonurban but had portions of the 32.3-ha circle that were designated as urban. Using the structure count information from each of these points, we estimated the average change in number of structures at various distances from public land over the period of time our aerial photos covered.
In 2005, the land use change study was conducted using 0.5-m resolution National Agriculture Imagery 20 Program imagery, and National Digital Ortho Program imagery that was scanned and geo-registered in geographic information system (GIS) for the 1990s and 2000 dates (Lettman et al. 2006) . The old points were transferred to the new imagery, and polygons of land use classes were delineated in GIS over displayed imagery for the 1990s and later dates. Each old point was classified again and structure counts were performed on the new imagery, capturing the location of each of the structures. In the 2005 data set, the actual locations of the structures were recorded as they were counted, and for eastern Oregon, the 1994 location was also noted. The distance to the four public land ownerships (ODF, BLM, NFS, DNR) was computed from each point to each ownership, and we evaluated sample points within three distance zones (<1, 1 to 2, and 2 to 5 km) around public land. Sample sizes were large for each ownership/distance-zone pairing, with the smallest being over 350 points. Using an ownership layer provided by ODF for Oregon state lands, Washington DNR's parcel layer (WA DNR 2012) and one that was developed by the U.S. Geological Surveys Gap Analysis Program, BLM, and U.S. Forest Service for federal lands, we were able to compute the amount of edge between various public owners and private ownership for each county in Oregon and Washington. The edge-to-area ratio (EAR) of public forest land to edge with private ownership was computed on a county basis.
Adjustments for Urban Counts
When a point was classified in the urban category (center fell on urban land use), structures in the surrounding 32-ha circle (321-m radius) were not counted. To estimate the change in density for points that changed from other uses to urban, we set the density for the urban class at 160 structures per 32-ha circle, roughly four times the average number of structures in our low-density residential zone and in line with the 6.1 houses per hectare for what Loy (2001) All public includes ODF and DNR, National Forest System, and BLM where applicable.
this problem, we adjusted the count by multiplying 160 times the proportion of the 32.3-ha circle that was urban for points that had a center classification of urban.
Quality Assurance
In the original study, polygons were drawn by multiple observers and compared for multiple areas as a training tool. Because each increment in time involved the classification of every point, we checked each point on the imagery that changed in land use to ensure that the change was real. All structure counts that had decreased or increased by more than two were rechecked by another observer (Lettman 2006) . Statistical comparisons between ownerships or distance classes are based upon a t-test for the differences in means with unequal variances.
Results

Current Density
The greatest structure density in the closest distance class (within 1 km) in the mid-2000s occurred around WA DNR lands (11.2 structures per square kilometer, statistically different from all other owners). The next highest estimates were around U.S. Forest Service and BLM lands in Oregon, with 5.2 and 4.4 structures per square kilometer, respectively (table 1) . These numbers correlate with the amount of edge each owner has with urban and low-density residential land uses ( fig. 3 ). The NFS lands in Washington and the state lands in Oregon have roughly the same average number of structures per square kilometer within 1 km of their 
Changes in Density
Increases in structures between the 1970s and 2000s differed among owners in the shortest distance class, with the largest difference in structure density occurring on lands in proximity to the WA DNR, followed by the NFS and BLM in Oregon, and NFS in Washington and ODF land in Oregon (fig. 4 ). The mean increase in structure density was greater for the farthest distance class compared to the closest for all owners except for NFS land in Oregon ( fig. 4) . In Washington, the largest increases occurred in counties with the largest populations, such as Pierce, King, Snohomish, and Clark. In Oregon, the greatest increase occurred in Deschutes
County around NFS land; the next largest differences in Oregon were in counties that had large population centers. The BLM had some relatively large increases in
Oregon's southern counties of Jackson, Josephine, and Lane at 6.5, 9.98, and 5.3 structure densities, respectively (table 2) . The large increases seen around BLM and DNR land are related to the increases in urban/low-density edge ( fig. 3 ). With the exception of land around ODF structure density tends to increase with the distance interval, the two farther distances are virtually the same. This may indicate the greater chance of hitting an urban or low-density residential area as you move away from blocks of public land.
An annualized look at all distance classes combined and for two time periods, 1970s to 1990s and 1990s to 2000s, showed that the numbers of new structures around various public owners remained relatively constant with the exception of lands around the WA DNR, which had significantly more new structures in the second period ( fig. 5 ).
Land Remaining in a Forested Land Use
When limiting the analysis to points that have remained in some partially forested zone (excluding points that changed land use), such as a wildland forest zone or a mixed-forest/agricultural zone, the average number of structures in most cases more than doubled between the 1970s and the mid-2000s. Within 1 km of public forest, structure density more than doubled for each of the owner groups (table 3) . The mean differences remain relatively constant across distances classes with only the WA DNR lands having a statistical difference between the closest (≤1 km) and farthest (2 to 5 km) distance class. When combining all distance classes, both BLM and WA DNR lands tend to have more development than other public owners with the WA DNR having significantly more development in the second time period, 1994 to 2000s versus the 1970 to 1994 period ( fig. 6 ). 
County-Level Edge-to-Area Ratios and Development
As for counties that had large amounts of public forest land, Deschutes stands out with its large increase in structure density (from 1974 to 2005) near NFS land and low EAR; this was the result of 27 of the 290 points changing from a nonurban to urban land use. Lane, Jackson, and Josephine Counties also stand out with large increases near BLM land, and Snohomish and Whatcom Counties showed double digit increases around WA DNR lands (table 2) . For Oregon counties with the four largest forest-land areas, the EAR is nearly eight times as great on BLM lands as on NFS lands. Although Lane County had a modest population increase of 59 percent, the EAR for 104 000 ha of productive BLM forest land is high at 31.9 m/ha, possibly contributing to the large structure count increase. Snohomish, Whatcom, Clalam, and Mason Counties in western Washington had over 100 percent population growth and relatively high EARs for DNR lands; however, the NFS lands in these Washington counties had relatively small increases in structures and low EARs.
Discussion
Edge-to-Area Ratio With Private Owners
The EAR of a public to private ownership affects the public owner's ability to manage fire and resources in proximity to structures. The greater the amount of edge with respect to area, the greater the possibility for development on the edge, assuming that very little development will occur on public lands. For counties with over 100 000 ha of forest land in a public ownership, the BLM in southwestern Oregon and the DNR in western Washington have a large amount of edge with private owners. The EAR for the BLM is largely due to the Oregon/California railroad lands that were returned into federal management in the early 1900s (Horning 1940) . The railroads had been granted every other section of land in a swath in the southern Oregon counties (Douglas, Lane, Jackson, Josephine), creating a checkerboard of ownership ( fig. 1) . Most of BLM's productive forest ownership in Oregon falls into these counties. Not all of the edge is with private owners, however; there is a substantial amount of edge with the NFS. The WA DNR lands tend to be lower in elevation and closer to developed areas where the EAR can produce high structure counts, whereas the ODF lands tend to be in the coast range farther away from developed areas ( fig. 1 ). The greater amount of edge between BLM/DNR and private land has an effect on the number of structures closer to these ownership groups. If development continues to occur in these counties on nonpublic forest land, fire and fuel management will continue as a problem for the BLM and WA DNR.
Implications With Fire Suppression and Fuel Treatments
Considerable attention has been paid to the ecological alteration of fire-prone western forests by grazing, harvesting, and fire suppression during the 20 th century (Donovan and Brown 2007, Noss et al. 2006) , which may have led to the increases in annual burned area of the last decade (Stephens and Ruth 2005) . The combination of these changes and development at or near the edges of these forests is becoming a prime consideration for forest managers. The rising cost of fire suppression has been linked to both altered fire regimes and development (Liang et al. 2008) . Forest Service research indicates that the characteristics of houses and their immediate surroundings are the primary determinants of whether a house burns (Cohen 1999) . Nonetheless, fuel treatments on public land will continue to be used to attempt to change fire behavior from crown to surface fire so that suppression efforts will be more effective around homes (Murphy et al. 2007 ).
The changing of fuel structures in forests to reduce fire hazard is well documented (Agee and Skinner 2005) and has been shown to change fire behavior in wildland-urban interface (WUI) areas, although under extreme conditions, treated areas may not be enough to protect homes (Safford et al. 2009 ). In areas on the edge or where mixed public/private ownership exists, the objectives for fuel treatment can be quite different than in areas further away. When treating boundary areas, the primary focus of a public forest manager may be fire risk as opposed to more broad ecological objectives for a more remote setting. Treatment options are more limited on lands at the edge; public land managers place a greater emphasis on mechanical treatments here, whereas they can use prescribed fire and wildland fire in other areas (Reinhardt et al. 2008) . Public land managers must also gain acceptance for their treatments among a mixed audience on the edge, and some private owners may not want any treatment near their homes (Winter and Fried 2000) .
Although Lettman et al. (2011) 
Road Network Implications
Increases in structures within 1 km of public lands, will result in increased road density near the public/private boundary. Increases in road networks can have a positive impact on forest management activities through reduced access costs to managed forests. Negative ecological impacts of roads on both terrestrial and aquatic systems range from declines in stream health, to habitat fragmentation, to habitat degradation (Trombulak and Frissell 2000) . Increased road access can have Lands near the WA DNR had more development growth in both periods than other public owners. It was hypothesized that Oregon's land use laws, which were in play during the second period, may have resulted in differences (Lettman et al. 2011) , and Washington's Growth Management Act, which was just starting to take effect, would not show differences. These legislative acts focus development into areas designated for growth and may be effective in land use conversion, but isolated structures occurring in forested landscapes may not be affected.
Development in Forested Landscapes
It is important to estimate low-density development, as opposed to land use conversion (the upper left point in fig. 2 ). Future studies may be able to use these estimates of changing low-density development to model where land use change will occur.
Although structure density remained low, the points remaining in forested land use classes from 1974 to 2006 show large percentage increases, more than doubling in structure density for all distance classes and ownerships. Thus, despite Oregon's land use planning laws or Washington's Growth Management Act, development adjacent to public forest continues. This is an indication that public land has an allure for people who want to live in a forested setting. The natural amenities of public lands continue to be a draw for population growth (Kaplan and Austin 2004, Stein et al. 2007 ), which could help explain the case of Deschutes County, which had a 400 percent increase in population. Much of the increase may be due to the mild climate that boasts 300 days of sunshine per year and the recreational opportunities that are generally associated with federal lands, such as skiing, fishing, hunting, and hiking. Also, land is cheaper in more remote areas in comparison to areas closer to metropolitan areas.
Implications for Other Areas in the United States
This study only addresses the circumstances around public lands in Oregon and
Washington. However, similar conditions exist around the 54.6 million ha (Smith et al. 2009 ) of public lands in the Western United States. Other studies (Radeloff et al. 2005) speak to the relevance of the WUI across the Nation and the Western United
States (Hammer et al. 2007) 
Limitations and Advantages
This study differs from others in that it provides statistical estimates of increases in structures around public land, but it does not supply a spatially explicit product.
There are several model-based products that provide spatially explicit maps of WUI based on modeled census block information (Hammer et al. 2007 , Radeloff et al. 2005 , Theobald and Romme 2007 . The accuracy of these products is based on assumptions of how population is distributed across a census block. In areas where population is sparse and census blocks are large, the difficulty in accurately modeling the population across the landscape becomes problematic. In sparsely populated areas, it will be difficult to distinguish between land use and land cover with coarse-resolution remotely sensed products. Consequently, clearcuts can appear as development, and heavy tree cover on low-density residential can appear as forest (Kline et al. 2009) . Verification of what occurs on a specific piece of ground is difficult with either type of study. By using statistical estimates, we do not attempt to map what is specifically on the ground, but instead obtain average structure counts with an associated error for an area of interest. In areas where development is sparse, this method may be the best way to track change. The strength of this study is the ability to track small changes in the number of structures in areas that have remained forested. The major drawback of this method is the initial mapping of the land use polygons onto the imagery and the counting of structures, both of which can be fairly labor intensive.
Conclusion
Managers of public forest land must deal with development near the edges of their land. The WA DNR has by far the greatest numbers of structures at 11.2 per km all public owners except the WA DNR have roughly equivalent development for the time periods of the 1970s to 1990s vs the 1990s to the mid 2000s, with the WA DNR having a significant increase in the second time period. The greatest development increases tend to be correlated to areas with a high edge-to-arearatio between public and private ownerships and with large population centers in proximity. 
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